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were determined by their ability to scavenge DPPH radicals and high performance liquid 34 chromatography (HPLC), respectively. The physical and sensory properties of the pitas were 35 also assessed. All pitas made from either whole grain or pearled barley flour had a higher 36 antioxidant capacity and most also had higher vitamin E content than standard pita. The 37 antioxidant and vitamin E levels were reduced in pearled compared to whole grains, however 38 the extent of that reduction varied among genotypes. The greatest antioxidant and vitamin E 39 levels were found in pita made from malt flour or Finniss whole grain flour. Furthermore, 40 sensory analysis suggested these pitas were acceptable to consumers and retained similar 41 physical and sensory properties to those in the control pita. and vitamin E content is maintained in final food products. Thus, whether breads made from 71 barley genotypes with high antioxidant capacity and vitamin E content at harvest can be a 72 good dietary source of these factors is unknown.
73
Barley is typically polished (also known as pearling) before consumption because 74 whitened grain is generally preferred by consumers and food manufacturers (Gong and others 75 2012). The process of pearling removes the hull (also known as the husk), and the bran, The objectives of this study therefore were to determine antioxidant capacity and 101 vitamin E content in pita bread supplemented with barley flour made from whole-grain, 
Materials and Methods

107
Materials
108
The barley varieties used in this study (the hulless genotype Finniss and the covered 109 genotypes WI2585 and Harrington) were previously identified as being high in antioxidant 
118
To pearl grain, a Satake grain tester (model TM05, Tokyo, Japan) using a procedure and water at 30°C (60-65%) were mixed using a 50 g micro-mixer (National MFG Co, tin and left to ferment in a sealed plastic bowl for 90 min at 30±1°C and 70% relative 140 humidity (RH). Dough balls were then sheeted to 4 mm thick using a bench sheeter (Rondo,
141
Germany) and then cut to 12 cm diameter using a circular pastry cutter. These dough rounds 142 were rested in a fermentation cabinet at 30±1°C for 15 min and subsequently fried in a non- For this reason, the first 25% of the analysis was discarded and firmness was defined as the 177 force at 40% strain minus the force at 25% strain (Alhajji 2011).
178
The colour of flour and pita samples was measured (Minolta Colorimeter CR-300, 
Statistical analysis
197
In order to determine the differences between means using the Least Significant suggesting that most isomers decreased progressively from the external to the internal layers.
213
This was especially obvious in the covered genotypes, WI2585 and Harrington, and was 214 associated with a roughly two-fold decrease in vitamin E content in the flour at 20% pearling.
215
The only two isomers which appeared to be stable during all pearling stages were β-T and γ-216 T, however, they were only present at very low levels (<1 µg/g DW) in most samples. Finniss and flour from malt was also significantly greater than the standard flour.
239
Storage had no effect on the vitamin E content in flour made from the whole grain 
265
At 10% pearling, the loss of antioxidant capacity in descending order of flour made from 266 Finniss, Harrington and WI2585 was ~48%, 23% and 3%, respectively, whereas at 15% 267 pearling the antioxidant capacity lost in those genotypes was ~52%, 38% and 15%, (Table 1) 
331
Similar to vitamin E content, the antioxidant capacity in pita made from whole-grain 332 flour was much higher than in pita made from pearled-grain flour ( Figure 2B ). For Finniss, However, the quality of the product needs to be confirmed by evaluating the physical and than the control pita while the covered whole grain pita was three times as hard.
377
The thickness of the pita was greatest in the control sample (15.3 mm) and lowest in 378 pitas made from flour of the whole grains from covered genotypes (Table 2) , and was 379 negatively correlated with firmness across all samples (r=˗0.9, p<0.05, n=17). Only pita 380 made with flour from 20% pearled Finniss and WI2585 had similar thickness to that of 381 control pita. Control pita also showed better crumb pore uniformity ( Figure S1 ) and even 382 though the upper layer did not significantly differ between any of the samples, the lower layer 383 was significantly greater in the control than in barley pitas (Table 2) . Crust with adhering had the lowest L* value but highest a* value, followed by Finniss whole-grain flour-pita,
477
15% pearled WI2585 flour-pita and the control. The change from creamy white to brown has 478 been previously observed when barley was added to pita (Alu'datt and others 2014).
479
In terms of sensory evaluation, consumer texture preference for pitas made from 15% 
507
The authors have no conflicts of interest. Table 4 Sensory evaluation of pita bread from baker's flour and barley flour. Means±SE are shown for n=52 for each sample. Same letters
653
(within column) indicates no difference between samples for individual parameter as determined using the Least Significant Difference (LSD)
654
(P<0.05). * indicates the intensity of parameter, from dark (1 score) to light (9 score) for colour, from firm (1 score) to soft (9 score) for texture,
655
from non (1 score) to high (9 score) for flavour and taste. Figure 2 Antioxidant capacity in flour and pita after processing. Antioxidant capacity is expressed as mg ascorbic acid equivalent antioxidant capacity (AEAC) per 100 g of fresh weight (FW) of grain. Bars represent the mean ± SE. A, antioxidant capacity in flour before processing, n=3 for all samples. B, antioxidant capacity in pita after processing, n=9 for pitas from baker's flour, malt flour and Finniss whole grain flour, n=3 for the rest of pita samples. Difference between samples as determined using the Least Significant Difference (LSD) (P<0.05), LSD sample.time = 2.8. WG indicates whole grain. 
